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ABSTRACT

We report a measurement of charged multiplicity distributions
of high mass diffractive ﬂt, Ki and pt states produced in 100
and 200 GeV/c hadron-proton collisions, h + p + X + p. The dis-
tributions are described well by a Gaussian function that depends
only on the available mass M = (Mx-Mh) (GeV), has a maximum at

1
n = 2M? and a peak to width ratio no/D = 2,
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We have measured the charged multiplicities of the diffractive states

X produced in the reaction

+ 3
h+p+X+p th=1, K, p) (1)

at incident beam momenta of 100 and 200 GeV/c in the kinematic range

0.025 < |t| < 0.095 (GeV/c)? and l-x = (M:x2 - Mhz)/s < 0.1, where t is
the square of the four-momentum transfer, Mx is the hadron excitation mass,
and x is the Feynman scaling variable. These measurements were performed
in the course of experiment E-396 at Fermilab. Results from this experiment
on the M%Z distribution and on the factorization properties of reaction (1),

[1], shed light on the production dynamics of the high

reported previously
mass diffractive states, in particular on the role of the triple Pomeron
coupling. The charged multiplicities provide insight into their decay
mechanism. In this report, we present the data and describe their general

[2]

characteristics. In another publication we relate the diffractive multi-
plicities to hadronic multiplicities in general.
The experiment was performed in a tagged hadronic beam, the M6W

beam line. The apparatus, which is described in detail in previous publica-

[3] [1]

tions discussing the elastic scattering and the diffraction dissociation
results, consisted of a gas H2 target at atmospheric pressure and a detector
that measured the polar angle, 6 , and the kinetic energy, T , of protons

recoiling from the interaction point. The missing mass was determined, to

an accuracy of AMXZ/MX2 = 3%, from 6,T and the incident momentum, P,



X

M2 = Mh2 + 2Po J2mpT (cosb - /T?Zmp) (2)

The charged multiplicities were obtained from the pulse height recorded by
two scintillation counters located downstream of the recoil detector. The
two counters were cross-calibrated using elastic scattering events. Landau
fluctuations were reduced by accepting the smaller of the two pulse heights.
An example of a pulse height distribution for a particular sz bin is shown
in Figure 2. One can see that low multiplicities are well resolved but some
overlap occurs at high multiplicities. The pulse height spectra were fitted
to Landau distributions, calculated for each multiplicity, using the maximum

likelihood method. The curve in Figure 2 represents such a fit.

The raw multiplicities obtained in this manner were corrected for back-
ground tracks, for extra (accidental) beam particles and for the acceptance
of the multiplicity counters. The background was estimated by using events
with negative (unphysical) sz and was subtracted from the topological cross
sections at the corresponding positive sz . The subtractions were generally
less than 10%. The fraction of events with an extra beam track was measured
to be <10% by comparing elastic events with charge 2 to those of charge 1.
Assuming an isotropic decay distribution in the center of mass of the dif-
fractive state, the calculated average acceptance of the counters is 95%,
which agrees well with that estimated from the number of unphysical even
charged multiplicity events caused either by an extra beam track or by a
track missing the counters.

The corrected data are given in Tables I and II and presented in

Figures 3, 4 and 5. The following features are noted:



(1) Within the statistical accuracy, the multiplicities of
all three hadrons are the same when compared at the
same mass available for the production of pions,

M= MX - Mh . This would not be true if the compari-

son were made at the same Mx .

(ii) The average multiplicity increases with M, approximately
as <n> = ZM%, where M is in GeV, while the ratio
<n>/D, where D = (<n2><—<n>2)%, remains constant at the
value of V2.2 (see Fig. 3). The function <n> = a + b An (M)
would also provide a good fit to our data but we prefer the
power dependence because it characterizes the average multi-
plicity of many processes at higher available energy whereas

a simple logarithmic dependence falls too low[2’4].

(iii) The ratio of the topological cross section o, to the total
diffractive cross section 0 (see Fig. 4) is described well

by the Gaussian function

5 i (n-n )2
n 2
o "k D e 2D (3a)
where
n, = ZM% (M in GeV) (3b)
and
n /D=2 ; (3¢c)

The normalization of Pn is such that at any value of M

the sum of Pn over odd values of n 1is unity to within

~ 1%Z. 1In calculating values of <n> and D to compare
with experimental data, one must sum over positive values
of n only. This shifts the average by V4% above the
value of n and the width down by ~ 67 so that the average
multiplicity becomes <n> = 2,08 M% and the <n>/D ratio is
increased by 107 above the value of no/D,to the measured

value of 2.2.



The form (3) of the probability function suggests that the multiplicity
distributions satisfy KNO scaling[5]; i.e., that the product Pn-<n> is a
function of n/<n> only and not a function of M. 1Indeed, from (3a,b,c) it
follows that

Poon =1.6 e—2(1-n/n0)2 (4)

Figure 5 shows Pn- <n> versus n/<n> for the W—p and the pp data.

Ignoring the small difference between <n> and n_, one sees that function (4)
represents the data well. 1In contrast to the fully inclusive reactions[6]
Pp + anything and 7p + anything whose KNO scaling curve, also shown in Fig. 5,

is asymmetric and peaks at n/<n> = 0.8, the distribution for the diffractive

data is symmetric about the peak at n/<n> = 1.

Our results for <n> and <n>/D agree well with previous measure-
ments[7]. However, the multiplicity distributions obtained in these
measurements[7’8] are inconsistent with ours in that they follow an asym-
metric scaling curve similar to that of the inclusive case. We attribute
the inconsistency to their use of large sz bins needed for adequate sta-
tistics in presenting the distributions, for example 0 < sz < 32 (GeV/e)2,

which integrates the data over large variations in average and width and

distorts the distributions.

In conclusion, we find that the charged multiplicity distributions
of high mass diffractive pion, kaon and nucleon states follow a universal
Gaussian function that depends only on the available mass M (GeV), has a

b

peak that varies with M as n 2 2 M*, and a peak to width ratio

nO/D = 2.
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Figure Captions -

1.

2.

Apparatus (plan view, to scale).

Multiplicity counter pulse height distribution for ™p->Xp at
100 GeV/c and 3 < sz < 5 GeV2. TFor each event the smaller of the

twoe pulse heights was used.

The average charged multiplicity and the ratio of the average to the
width as a function of available mass. The curves represent

1
<n> = 2.08 M? and <n>/D = 2.2 as discussed in the text.

Topological cross sections on/c versus available mass for

hp + Xp (h= 7 ,p).

The product (Gn/c)- <n> versus n/<n> for the data presented in
Figure 4. The solid line represents the Gaussian function discussed
in the text (Eq. 4). The broken line is from a fit to the inclusive
data hp -+ anything (Ref. 6).
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TABLE |

Charged Multiplicities of X from hp > Xp at 100 GeV/c

M D aglo
h (M - M) a (n?-nyt A/D
n=1 n=3 n=5 n=7
n 1.06 2.25+0.04 1.12+0.02 2.02+0.05 0.41+0.03 0.55+0.01 0.04+0.01
1.43 2.60+0.05 1.25+40.03 2.0810.06 0.31+0.03 0.57+0.02 0.1120.01
1.73 3.05+0.07 1.33+0.06 2.30+0.11 0.19+0.02 0.61+0.02 0.18+0.02 0.02+0.01
2.08 3.2040.06 1.36+0.05 2.35+0. 11 0.17+0.02 0.58+0.02 0.23+0.01 0.021+0.01
2.50 3.44+0.07 1.43+0.06 2,41+0. 11 0.14+0.02 0.53+0.02 0.30+0.02 0.03+0.01
2.99 3.79:0.07 1.51+0.05 2.5110.09 0.10+0.02 0.46+0.02 0.38%0.02 0.06+0.01
3.59 3.91+0.09 1.64+0.06 2.39+0.10 0.1210.02 0.40+0.02 0.39+0.02 0.08%0.02
4.09 4.1440,09 1.8210.05 2.28+0.08 0.11+0.02 0.38+0.02 0.3440.02 0.16+0.02
K 0.79 2.0840.12 1.03+0.06 2.03+0.17 0.4740.08 0.52+0.06 0.01+0.02
1.15% 2.26+0. 14 0.91+0. 1t 2.50%0. 35 0.35%0.09 0.66%0.09 -0.01+0.02
1.43 2.69+0.24 1.1720.19 2.30%0.42 0.2620.09 0.63+0.10 0.10+0.07
1.77 3.05+0.24 1.35+0.20 2.25%0.37 0.20+0.07 0.59+0.09 0.19+0.07 0.0210.03
2.18 2.87+0.39 1.4240.37 2.02+0.59 0.28+0.12 0.50+0.13 0.21+0.09 0.00+0.07
2.67 3.48+0. 36 1.62+0.26 2.14+0. 41 0.17%0.07 0.49+0.10 0.28+0.09 0.06+0.08
3.26 3.23+0. 38 1.26+0.42 2.57+0.90 0.16%0.08 0.55+0. 11 0.31%0.10 -0.02+0.08
3.76 4,52+0.83 2.80+0.38 1.6140.37 0.3020.14 0.23%0.22 -0.09+0.21 0.55+0.23
6 0.58 1.85+0.15 1.1240,.13 1.65+0.23 0.61+0.11 0.34+0.06 0.05+0.03
0.89 1.93+0.19 1.1010,17 1.76+0. 32 0.56%0.13 0.41+0,09 0.03+0.03
1. 15 2.18+0. 30 1.32+0.33 1.6520.47 0.4730.14 0.52+0.12 -0.020.05 0.04+0.04
1.47 2.65+0.18 1.47+0.19 1.80+0.26 0.33+0.05 0.56+0.17 0.06+0.04 0.05+0.03
1.86 3.1340.32 1.2610, 34 2.49+0.73 0.09+0.08 0.82+0.12 0.01+0.07 0.0710.06
2.33 3.124+0.25 1.54+0,18 2.03+0.28 0.25%0.08 0.46+0.09 0.27+0.07 0.02+0.04
2,90 3.9240.29 1.64+0.18 2. 39+0. 31 0.07*0.05 0.52+0. 11 0.27%0.09 0.13+0.06
3.39 3.86%0. 41 1.08+0.46 3.57+1.55 0.05+0.08 0.43+0.11 0.55+0.12 -0.04+0.09



TABLE I

Charged Multiplicities of X from hp +~ Xp at 200 GeV/c

M D o la
- = —,.} n
h M- M) n (n?- n? n/D
x n=1 n=3 n=5 n=7
T 1.55 2.40+0.05 1.1540.03 2.0940.07 0.3610.03 0.570.01 0.07+0.01
2.08 3.000.08 1.35+0.06 2.2240. 11 0.22+0.03 0.57#0.02 0.20%0.02
2.50 3.290.09 1.36+0.07 2.4140. 14 0.17+0.03 0.53+0.03 0.30+0.02
2.99 3.73:0.09 1.63+0.05 2.30+0.09 0.1420.02 0.42:0.02 0.37+0.02 0.07+0.02
3.59 3.91+0.09 1.62%0.06 2.41:0. 11 0.11:0.02 0.41+0.02 0.40+0.03 0.08+0.02
4.29 4.38+0.09 1.8310.06 2.140:0. 10 0.09+0.02 0.33+0.02 0.41+0.02 0.14+0.02
5.13 3.60%0.13 1.97+0.09 2.33+0.12 0.09+0.02 0.2830. 02 0.42+0.03 0.1610.03
5.84 5.90+0. 15 2.18£0.08 2.25$0. 11 0.11£0.02 0.23+0.03 0.3320.03 0.27+0.03
w 1.55 2.28%0. 12 1.10+0.06 2.04:0.16 0.41:0.08 0.55%0.06 0.03:0.02
2.08 3.00+0.25 1.46+0.18 2.05x0. 30 0.24+0.07 0.56+0.09 0.17+0.08 0.03+0.03
2.50 b.43+0, 37 1.97+0.18 2.25%0.28 0.08+0.07 0.450. 10 0.18+0.09 0.3140.09
2.99 3.3940.29 1.14620.25 2.320.45 0. 16+0.06 0.52:0.08 0.29:0.07 0.03:0.06
3.59 4.21+0.28 1.59+0.18 2.64+0. 35 0.07+0.05 0.37+0.08 0.44+0.09 0.1140.07
4.29 4.31+0.28 1.90+0. 15 2.26+0.23 0.10%0.05 0.37:0.07 0.34:0.08 0.16+0.07
5.13 5.31£0.34 1.9140.23 2.78+0.38 0.00+0. 05 0.33:0.08 0.21:0.08 0.41£0.09
5.84 4.73%0.45 2.18%0.22 2.17:0.30 0.13:0.08 0.19:0. 10 0.41:0.11 0.19+0.12
p 0.99 1.87+0.06 0.97+0.05 1.92+0. 11 0.57%0.06 0.43:0.02 0.00:0.01
1.47 2.40+0.10 1.05%0. 12 2.28+0.28 0.35%0.05 0.59£0.03 0.08:0.02  -0.02+0.01
1.86 2.60+0.11 1.0520. 12 2.470.31 0.28+0.05 0.62+0.04 0.12%0.03  -0.02:0.01
2.33 3.01:0. 11 1.29+0.09 2.33+0.18 0.22+0.04 0.54+0.03 0.25$0.03  -0.02%0.01
2.90 3.3940.13 1.3320. 12 2.54:0.24 0.14:0.04 0.54+0.04 0.32+0.04 0.00+0.02
3.59 3.8240.12 1.7240.08 2.22#0.12 0.13%0.03 0.4420.03 0.35:0.03 0.0710.02
4. 41 4.2420.15 1.96+0.08 2.16+0.12 0.12+0.03 0.35%0.03 0.36:0. 04 0.1420.03
5.12 4.26+0.17 2.06:0.09 2.070.13 0.14+0.04 0.31:0.03 0.36+0.04 0.15%0.03





